Antibodies raised against progesterone with hormone-carrier protein bridges placed at four different carbon positions were used to compare the sensitivity and specificity of homologous and heterologous enzyme\p=n-\hormoneconjugates. All heterologous assays were at least twice as sensitive as the corresponding homologous assays. The best results were obtained by using antibodies against 7\g=a\-carboxyethyl-thioether-progesterone with 6 \ g = b \ \ x = r e q -\ hemisuccinate\p=n-\progesteroneconjugate (or hemimaleate). The sensitivity with human sera was 0.25 ng ml\m=-\1and, the highest crossreaction 10% with 5\g=b\-pregnane-3,20-dione, and reproducibility, recovery and accuracy were satisfactory. The correlation coefficient with radioimmunoassay in 103 human sera tested was r = 0.915. The assay was successfully applied for the diagnosis of pregnancy in dairy cattle.
Introduction
Early methods for measuring progesterone concentration in the plasma or milk used radioimmunoassay (RIA) techniques (Robertson and Sarda, 1971; Heap et al, 1973; Hoffmann and Hamburger, 1973) . Enzymeimmunoassays (EIA) are advantageous compared with RIA once problems inherent to EIA could be solved. Homologous EIA systems developed originally using llot-hydroxyprogesterone 11-hemisuccinate-base (loyce et al, 1977; Sauer et al, 1981; Munro and Stabenfeldt, 1984) were unsatisfactory. Considerable improvements in sensitivity and specificity were reported with heterologous systems using antibodies to the above antigen in combination with conjugates lla-hydroxyprogesterone 11-glucuronide (Sauer et al, 1986) or progesterone-3-O-carboxymethyl oxime (Munro and Stabenfeldt, 1984; Marcus and Hackett, 1986) , and antibodies to progesterone7a-carboxyethylthioether with 6ß-hydroxyprogesterone-6-hemisuccinate as conjugate (van de Wiel and Koops, 1986 (Grover and Odell, 1977; van de Wiel and Koops, 1986) .
Antibodies
Antiserum was raised in rabbits against the four immunogens and the immunoglobulin fractions were purified with caprylic acid (Hatzidakis et al, 1990 (Liebermann et al, 1959 (Multiskan, Flow, Finland) .
Results
Comparison of different antibody-conjugate assay systems All homologous assays gave lower sensitivities (Abraham, 1969) Precision was tested by replicate measurement of two human serum samples, one with low and one with high progesterone concentrations. The intra-assay mean value for the first sample was 1.30 ng ml-1 (n = 64, coefficient of variation, CV = 3.0%) and for the second sample 15 ng ml-1 (n = 56, CV = 5.9%), whereas the interassay values (different batches of reagents) were 1.27 ng 1 ( = 4, CV = 3.4%) and 14 ng 1 ( = 4, CV = 9.8%), respectively. Similar tests with two bovine whole milk samples gave intra-assay values of 2.4 ng ml-1 (n = 50, CV = 5.3%) and 50 ng ml"' (n = 34, CV = 4.0%), and inter¬ assay values of 2.4 ngml-T (« = 6,CV = 5.0% and4.9 ngml-1 (n = 4, CV = 9.1%), respectively.
Accuracy Accuracy of positive and negative diagnoses was assessed with data from oestrous returns or subsequent calving (Table 5) .
Discussion
This is the first report on the influence of different chemically modified progesterone conjugates and antibodies to an EIA, thus allowing a more rational design of a progesterone assay. Antibodies directed to 7a-carboxyethyl thioether-progesterone gave the greatest competitive inhibition in contrast to anti¬ bodies against 3-O-carboxymethyl-oxime-progesterone and (Joyce et al, 1977; Sauer et al, 1981; Foulkes et al, 1982) . (Munro and Stabenfeldt, 1984; Marcus and Hackett, 1986; Sauer et al, 1986; van de Wiel and Koops, 1986) . In our study the best combination was the 7a-carboxyethyl-thioether-progesterone/6ß-hemisuccinateprogesterone system, which is similar to the system described by van de Wiel and Koops (1986) .
Specificity is a well-recognized problem with progesterone assays (Grover and Odell, 1977) . The heterologous EIA tests crossreact strongly with three related steroids: with 11a-hydroxyprogesterone, 95% (Marcus and Hackett, 1986) , 75.8% (Sauer et al, 1986) , 21.4% (Munro and Stabenfeldt, 1984) and with 5ß-pregnane-3,20-dione, 48% (Marcus and Hackett, 1986) and 6.8% (Sauer et al, 1986 ). The corresponding crossreactivity of our 7a-carboxyethyl-thioether-progesterone and 6ß-hemisuccinate-progesterone assay was 1.0%, 2.8% and 10.0%, respectively, which represents a considerable improve¬ ment in specificity. Although our assay and that described by van de Wiel and Koops (1986) (Robertson et al, 1971) and EIA (Sauer et al, 1986; van de Wiel et al, 1986 
